Simulation plots for Pre-CDR

Jin Huang (BNL)
Also for Megan Connors and Stefan Bathe




Pre-CDR plot summary

b Slngle particle (e/mu/pi/p/gamma/pi0)

Line shapes [Jin] <- Done
o Sampling fraction [Jin]<- Done
o Linearity [Jin] <- Done

o Energy resolution [Jin] <- Done
o Lateral extension [Jin] <- Done : Use old plots
o Dynamic range [Jin] <-Done

» Au+Au HIJING embedded

o Underlying event energy and fluctuation [Jin]
<- Done

o Rejection vs efficiency for electrons [Jin]

<- Fixing track proj. tools,

<- pending embedding production and analysis tools
° Photon resolution [Stefan and Megan]

<- Promising PHENIX Clusterizer, need embedding

» EM energy trigger performance
o Turn-on curve [Jin] <- Done
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Software tools

» Software: in analysis repository

o https://github.com/sPHENIX-
Collaboration/analysis/tree/master/EMCal-analysis

o Analysis module : EMCal-analysis/EMCalAna
> Plot macros: EMCal-analysis/macro

» Mike’s evaluator tool are very useful in trace between
truth and reco track/towers

» Fun4All analysis module to build my ntuple of emcal
focused analysis
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Test beam comparison:
8 GeV beams shower in Geant4 VS data
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Full Geant4 sim QGSP_BERT_HP + light yield model (Geant4 default Birk)
Pedestal noise (2ADC), photon fluctuation (500e/GeV), NO fiber/fiber response
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Test beam comparison:
4.12 GeV/c beams shower in Geant4 VS data
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Test beam comparison:
12 GeV/c beams shower in Geant4 VS data
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Full Geant4 sim QGSP_BERT_HP + light yield model (Geant4 default Birk)
Pedestal noise (2ADC), photon fluctuation (500e/GeV), NO fiber/fiber response
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Sampling Fraction

EMCal Sampling fraction
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New: two more rows of fiber in 2D SPACAL in

prol.beta.5 production to match sampling
fraction between two calorimeters
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Lateral extension of shower

4 GeV Electrons
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Linearality — double checking
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Energy resolution VS test beam

Geant4 sim QGSP_BERT_HP + light yield model (Geant4 default Birk)
Pedestal noise (8pe), photon fluctuation (500pe/GeV), Zero sup (16pe/32MeV), Graph Clusterizer

sPHENIX simulation,
1D projective EMCal only, full B EIC RD1 study

1GeV electron is B-bended by 0.45 rad FermiLab beam tests, 1D projective EMCal
- higher SF. and performance
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Energy resolution inspections
Simulated on SPACAL without VTX and in full magnetic field

* 1GeV electron is bended by 0.45 rad = performance ~ photon w/ eta of 0.45 and view higher SF.
*  For EIC, Resolution ~< 12%/VE for electrons after magnetic field bending
*  For sPHENIX, Resolution ~< 14%/VE for direct photons

Sampling fluctuation + 2D SPACAL

+ readout / clustering

+ Silicon detector
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Energy resolution for full detector

Full detector Geant4 sim QGSP_BERT_HP + light yield model (Geant4 default Birk)
Pedestal noise (8pe), photon fluctuation (500pe/GeV), Zero sup (16pe), Graph clusterizer
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Dynamic range plot

50 GeV photon shower in 2D-projective SPACAL, all eta ranges
Plot photon observed per tower per event,
max ~ 22k photon/tower, pedestal 0~8 photon, range ~ 12bit (max/pedestal 1 o)
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Trigger efficiency — 2D SPACAL

w 1o EYTHIA8 p+p ‘ /s = 200 GeV + Geant4 + Trquer Emulator 1~ DST.UpsilonPair.mass
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> B - S t600f
v/ — (2] o
Q e Eff. for Y (8-bit truncated) 1096 & <+
- — 1 0.94 q>_> 12092
8 e — Rej. for MB (full bit ADC) - (o 1000f
5 100 = 4 —[o92 5 N :
° E— Eff. for Y (full bit ADC) =" oo 5 aonf
Z ] L —] 3 400F JF ]
o 10° == —0.88 £ s00F LHRE
= = — QL E o L:
3 = —|0.86 %—j B R T T
m | ] .
[ - —0.84 & Reconstructed Upsilon (1S) mass (GeV)
e ] 5
S . {082
4 - l ! ! . ! . B

4 5 0.8

3
EMCal trigger £, ,[ ETower] requirement (GeV

~

Upsilon events required |eta_e|<1, reconstructed |mass —9.6GeV| < 2 sigma
Result: ~10e4 rejection at ~98% efficiency

* Tail of Upsilon mass peak excluded for avoiding radiated photon, which are triggered with noticeably lower eff.
* Assumed trigger sum all combination of 4x4 towers, rather than sum of 2x2 - 4x4

* Realistic trigger would use reduced ADC bits, e.g. 8-bit. Performance did not significantly changed.

* 2D SPACAL showed. 1D SPACAL required larger cluster at the forward region

Geant4 sim QGSP_BERT_HP + light yield model (Geant4 default Birk)
Pedestal noise (8pe), photon fluctuation (500pe/GeV), Zero sup (16pe/32MeV), Graph Clusterizer
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OccupancyinH
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Occupancy - 0-10% Hijing

Geant4 sim QGSP_BERT_HP + light yield model (Geant4 default Birk)
Pedestal noise (8pe), photon fluctuation (500pe/GeV), Zero sup (16pe/32MeV), Graph Clusterizer

» Note the zero-suppression at 32 MeV.

2D-proj. SPAGAL in HIJING Au+Au 0-10%C e
i
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Track projection checks

In discussion about current problem:
o https://github.com/sPHENIX-Collaboration/coresoftware/pull/69
° One quick solution suggested
» Result plot:
8GeV electron track projection to 2D projective SPACAL
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https://github.com/sPHENIX-Collaboration/coresoftware/pull/69

Track projection checks — Removing

Tracking reco precision

radiative tails

Full sSPHENIX
Single electron + Geant4
+ Digitalization + Tracking

CEMC Tower Energy Distribution
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Upsilon simulation and selection

DST.UpsilonPair.gmass DST.UpsilonPair.mass gpt
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Photon resolution [Megan and Stefan]

* PHENIX Clusterizer from Sasha B. survived PHENIX->sPHENIX migration.
— Promising use of the PHENIX Clusterizer in Hl embedded events

* Fit with Gaus
* [0]*exp(-0.5*((x-[1])/[2])**2)
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Plots from Megan Connors (GSU)

henergy

henergy
Entries 9918
Mean 0.0491
RMS 0.1475
FCN=B6.B8856 FROM MIGRAD STATUS=CONVERGED 107 CALLS 188 TOTAL
EDM=2.21247e-07 STRATEGY= 1 ERROR MATRIX ACCURATE
EXT PARAMETER STEP FIRST
NO.  NAME VALUE ERROR SIZE DERIVATIVE
1 pd 1.34633e+082  6.54366e+B0  2.13042e-82  4.72516e-85
2 pl 5.87156e-81  1.8@432e-83  3.9186@e-86 —6.56605e-81
3 p2 2.46067e-02 B.48111e-84  2.51632e-86 -4.B5617e-81
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Sampling Fraction

EMCal Sampling fraction 1
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/direct/phenix+sim02/phnxreco/ePHENIX/jinh
uang/sPHENIX_work/single_particle/DrawEcal

_DrawSF.pdf
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Linearality — double checking

(GeV)

reco

Reconstructed cluster energy, E

— y’
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i eta region i
0 | | | | | [ | [ |§ | [ | | |
0 10 20 30 40 50

Incoming Energy (GeV)

Jin Huang <jihuang@bnl.gov> Simulation Meeting

24



Energy resolution
Simulated with single photons

Full detector Geant4 sim QGSP_BERT_HP + light yield model (Geant4 default Birk)
Pedestal noise (8pe), photon fluctuation (500pe/GeV), Zero sup (16pe), Graph clusterizer

EIC RD1 study

SPHENIX full detector single photon simulation _
FermilLab beam tests

w 0-2_| L L Y L O O O B L‘él"“ B %2/ ndf 11.53/5
EIj N i B s ~ Heta=09 | PO 0.01315 + 0.002239
Loqg ™ 2D-proj., 1) = 0.0-0.1 —— AE/E =3.5% @ 13.7%/VE £ 014 o1 0.00586 + 0.008612
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So0.16 ® 2D-proj., n=0.9-1.0 —— AE/E=3.1% & 14.2%/{E ® o2 G E:' P10z 2 000228
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20.12 ------------- AE/E =1.6% +11.6%//E _] B .=§.‘. p1 0.09841+ 0.006437
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C [ . =
Q)OOS I ] 0.06 —
o - ] L
2006 S, —] L
"C_U' - T e | 0.04 —
EOO4T 0_ T
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- ‘ | | | | ‘ . Courtesy: A.Kiselev (BNL)
00 5 10 15 20 25 30 35 DIS2014
Incoming Energy (GeV) Used [1] + [2]/sqrt(E) in fit

instead of sgrt sum??
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Photon resolution [Megan and Stefan]

* PHENIX Clusterizer from Sasha B. survived PHENIX->sPHENIX migration.
— Promising use of the PHENIX Clusterizer in Hl embedded events

* Fit with Gaus
* [0]*exp(-0.5*((x-[1])/[2])**2)

henergy

; henergy
4 :
30 Entiies 7777
=1
ZE Mean 0.06266
RMS  0.1648
|
FCN=86.2517 FROM MIGRAD STATUS=CONVERGED 111 CALLS 112 TOTAL
EDM=1.533e-88 STRATEGY= 1 ERROR MATRIX ACCURATE
EXT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE
1 p@ 1.41386e+02 6.83B61e+020 2.36870e-82 -1.60614e-85
2 pl 5.88342e-01 §.59635e-04 3.02522e-86 -4,B5003e-04
3 p2 2.3472Be-02 7.83215e-04 2.50192e-86 -2.594010e-01
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Plots from Megan Connors (GSU)

henergy

henergy
Entries 9918
Mean 0.0491
RMS 0.1475
FCN=B6.B8856 FROM MIGRAD STATUS=CONVERGED 107 CALLS 188 TOTAL
EDM=2.21247e-07 STRATEGY= 1 ERROR MATRIX ACCURATE
EXT PARAMETER STEP FIRST
NO.  NAME VALUE ERROR SIZE DERIVATIVE
1 pd 1.34633e+082  6.54366e+B0  2.13042e-82  4.72516e-85
2 pl 5.87156e-81  1.8@432e-83  3.9186@e-86 —6.56605e-81
3 p2 2.46067e-02 B.48111e-84  2.51632e-86 -4.B5617e-81
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